Aim: This web-based survey aimed to examine the relation between iron-deficiency anemia and depression in 11 876 Japanese participants.
D
EPRESSION IS A prevalent mood disorder commonly comorbid with systemic/physical illnesses, suggesting shared underlying pathophysiological mechanisms (e.g., inflammatory system and brain adaptation). 1 The prevalence of anemia has been reported to be higher in patients with psychiatric disorders, including depression, than in the general population. 2 Moreover, the association between anemia and depression has been reported in a non-clinical adult population compared with healthy adults. 3 In contrast, some authors did not find any association between blood hemoglobin levels and depression. 4 Although studies reporting on iron-deficiency anemia (IDA), which is the most common single nutritional deficiency, are limited, an association of IDA with depression severity and its relation to somatic (particularly gastrointestinal) symptoms was reported in 125 patients with IDA, compared with 57 healthy controls. 5 Furthermore, IDA had a worsening influence on sleep quality, anxiety, and depression scores in 104 patients with IDA, compared with 80 healthy controls. 6 Additionally, the serum-iron-deficiency status was associated with depressive symptoms in 1875 elderly people. 7 The relation between poor nutrition and depression has been suggested, especially in women of child-bearing age who are vulnerable to depletion of nutritional factors, including iron. 8, 9 During the post-partum period, hemorrhage is a major cause of anemia and has been associated with iron deficiency and depression. 10, 11 Furthermore, low blood hemoglobin levels, 12 iron status variables, 13 and low plasma ferritin levels 14 have all been associated with post-partum depression. However, in a middle-aged population, the low serum ferritin level, which is an index of body iron storage, was associated with increased prevalence of depression in men, but not in women. 15 These previous findings suggest that sex differences may underlie the relation between IDA and depression.
Although a relation between IDA and depression has been suggested in adults, 5, 6 evidence is still scarce. Furthermore, these previous studies reported on relatively small sample sizes (n = 182 and n = 184, respectively) and did not enroll participants with diagnosed depression. Therefore, the objective of our study was to examine the relation between IDA and depression in a sample of 11 876 Japanese people comprising participants with selfreported depression and population-based controls. In addition, we aimed to investigate the effect of sex on the association between IDA and depression.
METHODS Participants
All participants were customers of the online healthcare services, Health Data Lab (https://medical. yahoo.co.jp/hdl/). Among 11 880 participants, four were excluded because they decided not to participate in the study. The remaining participants consisted of 1000 individuals with self-reported history of depression (mean age, 41.4 AE 12.3 years; 499 women) and 10 876 population-based controls (mean age, 45.1 AE 13.6 years; 5185 women). Participants were entered into the database based on questionnaires provided by Genequest Inc. (Tokyo, Japan). This was thus designed to be a web-based cross-sectional study. Informed consent was obtained from every participant after the study content was explained. Patient anonymity has been consistently preserved. The study protocol was approved by the ethics committee of the National Center of Neurology and Psychiatry (NCNP) and Genequest Inc., and was carried out in accordance with the Declaration of Helsinki. 16 
Clinical variables
Depression, IDA, and other diseases were determined simply according to the participants' selfreported answers to a single question -'Have you ever had that illness?' -which signifies lifetime history of the illness. We computed body mass index (BMI) using self-reported data of height and weight. We used the 6-item Kessler Scale (K6) as a nonspecific psychological distress scale. 17 The cut-off score in predicting serious mental illnesses was set at 13 or more as previously reported. 18 Current antidepressant use was also based on participants' self-reports.
Statistical analyses
The categorical variables (i.e., the rate of IDA, sex, individuals with K6 score ≥ 13, antidepressant use) were compared between the depression and control groups or between the IDA and non-IDA groups using the χ 2 or Fisher's exact tests. In the χ 2 -tests, odds ratio (OD) and confidence interval (CI) were indicated when significant. Age was compared between the depression and control groups and between the IDA and non-IDA groups using the unpaired t-tests, while BMI and K6 scores were compared between the groups by the analysis of covariance (ANCOVA), controlling for age and current antidepressant use. Because we deemed self-reported history of IDA as a dependent variable, logistic regression analyses were performed with regard to self-reported history of IDA using the forced-entry method and their goodness-of-fit was assessed with Cox-Snell R 2 . In logistic regression analyses, four models were employed as follows: IDA was a dependent variable and age, sex, BMI, and self-reported history of depression were independent variables (model 1); current use of antidepressant was added as a covariate (model 2); K6 score was added as an independent variable (model 3); and model 3 without self-reported history of depression (model 4). Associations between self-reported history of IDA and its etiologically candidate diseases were assessed by the χ 2 or Fisher's exact tests between the IDA and non-IDA groups. Further logistic regression analyses with regard to self-reported history of IDA were performed by incorporating the diseases as dependent variables when significant. Effect sizes were evaluated using r for the unpaired t-tests, φ for the χ 2 -test, and η 2 for the ANCOVA. All analyses were performed separately for men and women. Statistical analyses were performed using SPSS 24.0 (SPSS Japan, Tokyo, Japan). All statistical tests were two-tailed, and their significance level was set at P < 0.05.
RESULTS
Comparisons of the demographic and clinical characteristics between participants with self-reported history of depression and population-based controls are shown in Table 1 . The rate of self-reported history of IDA was significantly higher in participants with self-reported history of depression than in population-based controls (P < 0.001; OR, 1.52; 95%CI, 1.29-1.78). These results were corroborated when male and female participants were analyzed separately (men: P < 0.001; OR, 1.86; 95%CI, 1.30-2.68; women: P < 0.001; OR, 1.45; 95%CI, Values are presented as mean AE SD. Significant P-values are shown in bold typeface. BMI, body mass index; CI, confidence interval; IDA, iron-deficiency anemia; K6, Six-item Kessler Scale; OR, odds ratio.
1.19-1.76; Fig. 1 ). As predicted, the K6 score (including the rate of individuals who showed the cut-off score of 13 or more) and current antidepressant use were significantly higher in participants with self-reported history of depression than in controls (all P < 0.001).
Comparisons of clinical variables according to self-reported history of IDA are shown in Table 2 . BMI was significantly lower in the IDA than in the non-IDA group in both participants with selfreported history of depression (P = 0.001) and controls (P < 0.001). Similarly, the K6 score was significantly higher in the IDA than in the non-IDA group in both participants with self-reported history of depression (P = 0.004) and controls (P < 0.001). The rate of individuals who showed a K6 cut-off score of 13 or more was significantly higher in the IDA than in the non-IDA group in all participants (P < 0.001; OR, 1.47; 95%CI, 1.31-1.65), and in controls (P < 0.001; OR, 1.45; 95%CI, 1.28-1.64), but not in participants with self-reported history of depression (P = 0.43; Fig. 2) .
Comparisons of the clinical variables between the IDA and non-IDA groups based on sex and selfreported history of depression are shown in Table S1 .
In participants with self-reported history of depression, the BMI was significantly lower in the IDA than in the non-IDA group in men (P = 0.031), but not in women (P = 0.90). In controls, the BMI was significantly lower in both men (P < 0.001) and women (P = 0.009). The K6 score in the control group was significantly higher in the IDA than in the non-IDA group in both men and women (all P < 0.001).
Logistic regression analyses with regard to selfreported history of IDA are shown in Table 3 . In model 1, self-reported history of depression was significantly and positively associated with the selfreported history of IDA (P < 0.001; OR, 1.58; 95%CI, 1.33-1.88), while the BMI was significantly and negatively associated with the self-reported history of IDA (P < 0.001; OR, 0.96; 95%CI, 0.95-0.98). In model 2, no significant association was found between current antidepressant use and self-reported history of IDA. In model 3, the K6 score was significantly and positively associated with self-reported history of IDA (P < 0.001; OR, 1.04; 95%CI, 1.03-1.05), regardless of self-reported history of depression. In model 4, the K6 score was also significantly and positively associated with the self-reported history of IDA (P < 0.001; OR, 1.04; 95%CI, 1.03-1.06), independent of selfreported history of depression.
Associations between self-reported history of IDA and its etiologically candidate diseases are shown in Table S2 . In male participants with self-reported history of depression, there was no significant difference in any candidate between the IDA and non-IDA groups. In female participants with self-reported history of depression, gastric ulcer (P < 0.001; OR, 2.40; 95%CI, 1.42-4.05), uterine fibroid (P = 0.002; OR, 2.03; 95% CI, 1.30-3.20), pregnancy (P = 0.019; OR, 1.58; 95% CI, 1.08-2.31), and childbirth (P = 0.004; OR, 1.74; 95%CI, 1.19-2.53) were significantly more common in the IDA than in the non-IDA group. In male controls, gastric and duodenal ulcers (both P < 0.001; OR, 1.95 and 2.01; 95%CI, 1.37-2.79 and 1.40-2.88, respectively) were significantly more common in the IDA than in the non-IDA group. In female controls, gastric and duodenal ulcers (OR, 1.51 and 1.69; 95% CI, 1.21-1.88 and 1.30-2.21, respectively), uterine fibroid (OR, 2.10; 95%CI, 1.81-2.43), pregnancy (OR, 1.53; 95%CI, 1.34-1.76), and childbirth (OR, 1.69; 95%CI, 1.49-1.93) were significantly more common in the IDA than in the non-IDA group (all P < 0.001).
Logistic regression analyses with regard to selfreported history of IDA separately analyzed based on sex are shown in Table S3 . In men, a significant and positive association of self-reported history of depression (P = 0.016; OR, 1.72; 95%CI, 1.10-2.67) and K6 score (P < 0.001; OR, 1.06; 95% CI, 1.03-1.09) with the self-reported history of IDA was seen even after adjusting for its etiologically candidate diseases. In women, K6 score was significantly and positively associated with the selfreported history of IDA even when adjusting for its etiologically candidate diseases (P < 0.001; OR, 1.04; 95%CI, 1.02-1.05), while self-reported history of depression showed no significant association before or after adjusting for the diseases.
DISCUSSION
The present study examined whether IDA is associated with depression in a relatively large sample of participants with self-reported history of depression and population-based controls. Based on our findings, self-reported history of IDA was more common in participants with self-reported history of depression than in controls. The K6 score was higher, while the BMI was lower in the IDA than in the non-IDA group in both participants with selfreported history of depression and controls. In logistic regression analyses, self-reported history of depression and the K6 score were positively, while the BMI was negatively, associated with the selfreported history of IDA. As expected, gastric ulcer, uterine fibroid, pregnancy, and childbirth were more common in the IDA than in the non-IDA group in female participants with self-reported history of depression as well as female controls.
To our knowledge, this is the first study to report an increased rate of self-reported history of IDA in a population that includes participants with self- reported history of depression. This finding is in line with the previously reported association between anemia and depression, 2 suggesting that IDA, the most common form of anemia, is associated with depression. Moreover, the K6 score was higher in the IDA than in the non-IDA group of both participants with self-reported history of depression and controls. In line with a general study on anemia, 3 this finding indicates that IDA might contribute to higher psychological distress. Our findings in the controls are somewhat consistent with previously reported associations between IDA and depression severity as previously reported in non-psychiatric populations. 5, 6 However, considering the effect sizes (all |φ| < 0.1) and the fact that, in participants with a self-reported history of IDA, 88.5% had no depression and 70.8% had a K6 score lower than the cutoff score, the association of IDA with depression risk and abnormally higher psychological distress is quite weak. Furthermore, we used the K6 test, which was not intended to evaluate depression severity. 19 Our findings indicated that BMI was lower in the IDA than in the non-IDA group of both participants with self-reported history of depression and controls. The BMI is a popular index of nutritional status; therefore, our result suggests that malnutrition may be associated with the development of IDA. Indeed, there are many factors that regulate iron status, including dietary intake. 20, 21 Our data suggest that smaller bodyweights are a risk factor of IDA, which may further interact with the pathophysiology of depression. 8, 9, 22, 23 Alternatively, it is also possible that loss of appetite due to depression might be involved in IDA.
Logistic regression analyses supported that selfreported history of depression and higher psychological distress were positively, while the BMI was negatively, associated with IDA. For self-reported history of depression, covariate-adjusted OR changed from 1.58 to 1.32, which were comparable with the crude OR obtained by the χ 2 -test (1.52). Interestingly, self-reported history of depression was still associated with self-reported history of IDA after controlling for not only antidepressant use but also for K6 score, decreasing the OR. Considering the results of the model 3 and 4 analyses, the association of K6 score may explain self-reported history of IDA partially, but not completely. These results suggest that self-reported history of depression, higher psychological distress, and lower BMI are associated with IDA. In turn, there was no association between the self-reported history of IDA and current antidepressant use; however, this was possibly due to antidepressant use beginning independently after the history of IDA.
Furthermore, self-reported history of IDA was more common in female participants, which is reasonable because women have a higher risk for developing IDA due to menstruation and maternity events. 24, 25 In agreement with this, our data show that pregnancy and childbirth were more common in the IDA group than in the non-IDA group of female participants with self-reported history of depression and female controls. This is supported by systematic reviews, suggesting that micronutrients, including iron, tend to be deficient during the maternal period. 26, 27 As expected, gastric ulcer and uterine fibroid were more common in the IDA group than in the non-IDA group of female participants with self-reported history of depression and female controls. Indeed, gastric ulcer and uterine fibroid are physical disorders associated with depression. [28] [29] [30] [31] In logistic regression analyses, sex difference was observed, as the association between self-reported history of IDA and self-reported history of depression remained significant after controlling for the candidate diseases in men, but not in women. Female IDA might be particularly associated with physical causes rather than depression.
Our findings support the notion that micronutrients, including iron, have been reported to show their individual effects on the brain 32 and mood. 33 A recent meta-analysis indicated an inverse association between dietary iron intake and risk of depression. 34 Many associations between iron status and brain functions have been suggested. [35] [36] [37] It is worth noting that, in depression, iron plays a role as a cofactor for tyrosine and tryptophan hydroxylases, which are responsible for monoamine (i.e., dopamine and serotonin) synthesis. In this context, in cases of IDA and depression comorbidity, it may be rather beneficial to treat IDA prior to the use of antidepressants that target the monoamine system.
The present study has several limitations. First, the present work did not include laboratory data; therefore, no conclusive statements can be made as in previous studies. 4, 15 Second, confounding factors other than the presented variables may have influenced our results on the relation between selfreported history of IDA and self-reported history of depression; for example, anemia other than IDA was not examined in this study. Third, the imbalance in the sample size between participants with selfreported history of depression (n = 1000) and controls (n = 10 876) might have caused less statistical power of the results in participants with selfreported history of depression than in controls. Fourth, according to the cross-sectional design of the study, no conclusion can be drawn regarding the temporal direction of the association between selfreported history of IDA and self-reported history of depression. Finally, the diagnoses in this web-based survey were solely based on self-reported history of diseases. Furthermore, psychiatric diagnoses were not based on any diagnostic criteria, while the K6 score and current antidepressant use were used to confirm the reliability of self-reports. To support our findings, it is important to design a study targeting a population of patients with accurately diagnosed depression and controls using validated methods.
In conclusion, the present findings indicate for the first time that self-reported history of IDA in participants with self-reported history of depression was more common compared with that in population-based controls in both men and women. Moreover, the K6 score, including the rate of individuals who showed a cut-off score of 13 or more, in the IDA group was higher than that in the non-IDA group. These results suggest that IDA is possibly associated with depression and higher psychological distress.
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